Appendi x C
OVERLAND FLOW DESI GN EXAMPLE

C.1 Introduction

The purpose of this design exanple is to denonstrate the
desi gn procedures described in Section 6.4. This exanple
represents a prelimnary design suitable for Step 1 facility
planning. It does not go into the details of system com
ponents such as specific equi pnent and har dwar e.

C.2 Statenent of the Problem

Community C, a small rural comunity in the md-Atlantic
United States, has a 30 year old wastewater treatnent system
that is not neeting its discharge permt. The community is
totally residential with no industry discharging into the
sewer system and has 20 year design wastewater flow
projection of 1,890 n¥/d (0.5 Mgal/d). The objective of this
project is to provide the comunity with a wastewater
t r eat ment system capable of meeting the discharge
requirenents.

C. 3 Design Considerations

C.3.1 Wastewater Characteristics and D scharge
Requi renent s

The raw wastewat er characteristics are presented in Table C
1. Although not listed in Table C- 1, the concentrations of
trace elenents are wthin the typical range for nunicipa
wastewater, and are therefore anenable to land treatnent. The
state regul atory agency has inposed the following limtations
for any point source discharge; BOD;,, 20 ng/L; suspended
solids, 20 ng/L; fecal colifornms, 200 MPN 100 ni.

TABLE C-1
RAW WASTEWATER CHARACTERI STI CS

Parameter Value
BOD, mg/L 200
Suspended solids, mg/L 200
Total nitrogen, as N, mg/L 40
Ammonia as N 25
Organic as N 15

Total phosphorus, as P, mg/L 10
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C.3.2 dimte

Average nonthly tenperature and precipitation data for
Community C were obtained from the U S. Departnment of
Commerce, National Oceanic and Atnospheric Adm nistration
(NQAA), Asheville, North Carolina, and are shown in Table C
2. A 25 year, 1 hour stormfor the comunity was determ ned
using the Rainfall Frequency Atlas of the United States, U S.
Depart nment of Conmerce, Technical Paper 40, and was found to
yield 8.1 cm (3.2 in.).

TABLE C-2
AVERAGE METEOROLOG CAL CONDI TI ONS

Potential evapo- Net

Temperature, Precipitation transpiration, precipitation

Month °C (Pr), cm (ET), cm (Pr-ET), cm
Jan .2 8.7 0.3 8.4
Feb .2 9.3 0.2 9.1
Mar 10.0 10.2 1.9 8.3
Apr 14.7 8.8 4.3 4.5
May 19.6 9.2 9.3 -0.1
Jun 24.3 9.1 13.1 -4.0
Jul 25.8 11.2 15.6 -4.4
Aug 25.1 11.3 13.8 -2.5
Sep 22.1 8.2 9.7 -1.5
Oct 16.2 8.5 5.2 3.3
Nov 10.2 7.0 2.0 5.0
Dec 5.8 9.3 _0.2 9.1
Year 14.2 110.8 75.6 35.2

C.4 Site Evaluation and Process Sel ection
C. 4.1 General Site Characteristics

A prelimnary site investigation determ ned that approxi-
mately 35 ha (86 acres) of |and near the existing wastewater
treatnent systemis available (Figure G1). A USGS nmap showed
the site to have a noderate to gentle slope that drains
naturally into G ooked Creek, the small streamthat receives
the treated effluent fromthe existing treatnent system A
| arge portion of the site is wooded with pines, hardwoods,
and t hi ck under grow h.



JLIS IN3KLVIYL MOTd ONVIYIAC 03S040Yd
-3 NI

S¥3ILIN ERL BN

000 ‘¢ 6002 0001 0

ONYT IVIAMNTITY Q3IXIN - UN
S3j¥3IS NONI - 23°'03' w3

LNY1d LIN3INLY3INL
$3143S Xv4100 - d3

4ILYMILSYA ONILSIX]

\ Q%/\\OI.’jV

a3

93
(A



C. 4.2 Soil Characteristics

As shown in Figure C |, the proposed site is dom nated by
soil of the Enon series. These soils have a fine sandy | oam
top soil underlain wth clays having a slow perneability.
Al so present is Colfax sandy loam which is underlain with
clay oamand m xed alluvial land along the stream Both of
these soils have perneabilities ranging from slow to very
sl ow.

C. 4.3 Process Selection

The slow perneability of the Enon soils will prohibit the use
of Rl and will severely limt the use of this site for SR
treatment. Prelimnary estinmates indicated that OF treatnent
was nore cost effective than an SR systemon this site and
was |ower in total present worth than the best conventi onal
secondary treanent and di scharge alternative. Therefore, OF
treatnent was the alternative selected by Conmmunity C

C.5 Distribution Mthod

Hi gh pressure sprinklers are used in this exanple to illus-
trate the procedure. Gavity distribution is usually nore
cost effective and energy efficient. For high solids content
wast ewat ers, such as food processing effluent, sprinklers can
of fer the advantage of greater solids dispersion over the
application area.

C.6 Preapplication Treat nment

Conti nued operation of the existing treatnent facilities
woul d not be cost effective because of the need for sludge
treatnment and disposal. A new system consisting of the
m ni num recommended treatnent, that is, two-stage screening,
was sel ected. An econom c anal ysis indicated the cost savings
fromusing | ess | and (higher hydraulic |oading rates) did not
of fset the cost of preapplication treatment (Section 6.3)
beyond screeni ng.

The two-stage screening systemincludes a coarse screen (bar
rack) and a fine screen. Since sprinkler application was
selected as the distribution nmethod, the fine screen nust be
capabl e of renoving particles that could clog the sprinkler

nozzles. The screen nmesh will be 1.5 mm (0.06 in.), as
recormmended in Section 6.3. The new two-stage screening
system will be |ocated at the headworks of the abandoned

exi sting plant.



C. 7 Wastewater Storage
C. 7.1 Storage Requirenent

The required storage for this project was cal cul ated using
historical air tenperature data obtained from the NOAA in
Asheville, North Carolina, and the design nethod described in
Section 6.4 for noderate climate zones. Twenty years of data
were reviewed for the air tenperature limtations specified
by the design nethod to determne the critical year, or the
year that woul d have required the nost storage. The required
storage days for the critical year are given on a nonthly
basis in Table G 3. The total storage requirenent is 44 days,
or 83,160 n? (22.0 Myal) of wastewater at the design flow of
1,890 n¥/d (0.5 Myal/d).

TABLE C 3
STORACGE REQUI REMENTS
Potential
Storage, application,
Month days days
Nov 0 30
Dec 15.5 15.5
Jan 14.5 16.5
Feb 14.0 14.0
Mar 0 31

Total 44.0

The storage pond will be filled only during cold weather when
tenperatures fall below -4 °C (25 °F). The procedure for
appl ying the stored wastewater on the CF site is described in
Section 6.5.

C. 7.2 Storage Facility Description

Storage consists of a facultative pond. The design depth is
2 m(6.6 ft) and the surface area is 4.2 ha (10.4 acres).
Wastewater will be diverted to storage in Decenber, January,
and February and will be drawn out of storage over the period
from March through May. The daily BOD | oadi ng on the storage
pond during the days of storage will be 89 kg/ha (80 | b/acre)
and odors should not be a problem The net precipitation
falling on the storage pond will add 18,600 n* (5 Mjal) so
that a total of 101,760 n? (26.9 Mal) wll have to be
renmoved fromthe storage pond each spring. Seepage fromthe
pond is neglected for the storage period.



The pond berm has interior and exterior side slopes of 3:1
(horizontal:vertical), a height above grade of 2.6 m (8.5
ft), and a crest width of 3.7 m (12 ft) which will serve as
a service road. The interior bermhas a 30 cm (12 in.) |ayer
of riprap for enmbankment protection. The pond is lined with
conpacted | ocal clay to neet applicable state requirenents.
The exterior bermslopes are planted to grass. The total area
required for the storage pond is 5.4 ha (13.3 acres).

C.8 Selection of Design Paraneters
C.8.1 Hydraulic Loading Rate

From Table 6-5, the range of hydraulic loading rates for
screened wastewater applicationis 0.9 to 3 cmd (0.35to 1.2
in./d). The selected hydraulic loading rate is 1.4 cnmid (0.57
in./d). This rate has been used successfully with screened
raw wastewater in a simlar climte (Sections 6.4 and 6. 2).
A nore conservative loading rate is unnecessary because
prol onged subfreezing tenperatures are not common. A higher
| oading rate during periods of near freezing tenperatures
woul d be i nappropriate.

C. 8.2 Application Period and Frequency

The application period selected is 8 h/d. This period can be
increased to 12 h/d during drawdown from storage and during
harvest periods (Table 6-5). The application frequency is 7
d/ wk.

C. 8.3 Slope Length and G ade

As recommended in Section 6.4.6, the mninmmslope |length for
OF using full circle sprinklers is 30 m (100 ft) plus one
sprinkler radius. The sprinklers chosen for this project
(Section C. 9) have a spray radius of 21.4 m (70 ft). Thus,
the mninmum slope length is 51.4 m (168 ft). To be nore
conservative, the design slope length is 61 m (200 ft). The
grade will range from 2 to 4% dependi ng on exi sting grades
that are within this range.



C. 8.4 Application Rate

Using the selected hydraulic |loading rate, application period

and frequency, and slope length, the application rate is
cal cul at ed:

L,S
R, = P(100 cm m

wher e R, = application rate, m/ mh
L, = hydraulic loading rate, 1.4 cnld
S = slope length, 61 m
P = application period, 8 h
1. 4(61)
R, = 8(100)
= 0.071 n¥/ mh

This is within the acceptable range from Tabl e 6-5.
C. 8.5 Land Requi renents
The sl ope area can be cal cul ated from Equati on 6- 2.
A, = [Q365) + aV,]/(D,L,(100)]

sl ope area, ha

where A

Q
AV, = net change in storage = 18,600 n¥/yr (C. 7.2)

average daily flow, n¥/d

D, = nunber of operating days per year

L, = hydraulic loading rate, cnmd

A, = [1,890(365) + 18,600]/[ (365 - 44)(1.4)(100)
= 15.8 ha (39 acres)
C.9 Distribution System

| npact sprinklers with 7.1 mm (9/32 in.) diameter nozzles
operating at 41.4 Ncnt (60 Ib/in.?) are selected to apply the
wastewater. The OF slope and the sprinkler positions are
shown in Figure C2. the sprinkler spacing of 24 m (80 ft)

provi des adequate overlap of the spray dianeter which is
42.7 m (140 ft).

C7
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C. 10 Prelimnary System Layout

The field area and sl ope | engths have now been determ ned.
Gven these, a prelimnary |ayout of the treatnent system was
made on a USGS map using the guidelines from Section 6.6. The
di mensi ons for storage have al so been determ ned and were

added to the overall layout. Using this and renenbering that
area is required for collection waterways, service roads,
buffer zones, etc., the size of the survey area was

determned. It can not be overenphasized that a sufficient
ampunt of land greater than the apparent needs mnust be
surveyed so that changes in the system | ayout that nmay occur
do not require that additional |and be surveyed. This not
only adds a greater cost to the project, but also takes
additional tinme that delays the design

For this project, the entire site was surveyed so that any
future expansions to the system could be perforned w thout
anot her survey. Fromthis survey, a contour map with contour
intervals of 0.3 m (1.0 ft) was developed (Figure C3)
however, due to the scale of Figure C3, only the 3.05 m
(10.0 ft) contours are used.

C. 11 System Design
C11.1 Treat nent Sl opes

G ven the slope area requirenents and the slope |length, the
contour map developed from the survey, and the site
devel opment guidelines in Section 6.6, the treatnent slopes
were laid out (see Figure CG4). This layout has the sl opes
all graded in the sane direction (southeast) while the runoff
col l ection channels convey the effluent northeast to a
collection waterway. Wth this layout, all effluent is
di scharged fromthe site at a single point as indicated on
the figure.

C. 11.2 Runof f Channel Design

The runoff collection channels are forned by the intersection
of the foot of one treatnent slope with the backsl ope of the
next treatnent slope (Figure C-2). These channels will be
graded to no greater than 25% of the slope grade of the
treatment slope to prevent cross-flow on the treatnent slope.
This slight grade wll be sufficient to cause flow to the
collection waterways and will preclude the need for any type
of erosion protection other than planting the channels with
the sane grasses as are used on the treatnent sl opes.
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C 11.3 Col | ecti on Wat erways

The collection waterways transport the effluent from the
runoff collection channels to the receiving stream (Fi gure
C 4). These waterways were designed to handle both the design
runoff fromthe systemplus precipitation that falls on the
site during a 25 year storm

The Rational Method, which can be found in any soil and water
engi neering text, was used to determne the stormrunoff from
the treatnment slopes. The 25 year stormrunoff for each sl ope
was determned and the flows accurmul ated as each runoff
collection channel contributed flow to the «collection
waterway. The flow increases in quantity as it cones
downgrade until all runoff collection channels have fed it.
Therefore, the collection waterway nmust al so increase in size
as it cones downgrade to prevent high flow velocities that
cause erosion.

Working fromthe treatnent slope with the highest el evation
down (northeast corner of spray field to southeast corner),

t he waterway was designed for the expected effluent runoff

and the 25 year stormmater flow for each section between
runoff collection channels. The procedure for designing
grassed wat erways, which can be obtained fromthe SCS, was
used to size each section. Since the topography of the site
is such that the collection waterway will have a slope of 4%
or less, there was no need for enbanknent protection at

bends; the grass is sufficient to prevent erosion.

C. 11.4 Punpi ng System

The punpi ng systemincl udes three punps, each with a capacity
of 1,325 L/mn (350 gal/m) at a total head of 72.5 m (238
ft). The headloss was determned by summng all the
headl osses, fromthe farthernost sprinkler back to the punp,
of the critical piping path or that path that produces the
gr eat est headl oss.

The punps work in parallel and feed a 20.3 cm (8 in.) force
main that runs to the spray field. The conbi ned capacity of
the three punps is three tinmes the average design flowate so
there is an adequate safety factor for peak flows and diurnal
fluctuations.

The punping station is located imediately after the two
stage screening unit on the existing treatnent plant site. As
shown in Figure C4, the storage basin is at a higher
el evati on, which neans wastewater nust be punped to storage
and then flow back to the punping station through a separate
pi peline by gravity. Sufficient land was not available to

C 12



| ocate the storage basin between the screening unit and the
punpi ng station to allow gravity flowinto storage and out to
t he punping station. During favorable days in the spring, a
val ve is opened on the return pipeline fromthe storage pond
to the punping station and wastewater is applied to the
slopes at 1.5 tinmes the average daily flow ate.

C 11.5 Monitoring and Col |l ecti on Systens

A nmonitoring station is located on the site, as shown in
Figure G4. This station consists of a Parshall flume with a
continuous flow netering device and a conposite sanpler. The
Parshal | flunme was designed to handl e the 25 year stormfl ow
wi t hout sustaining significant damage. A standby chlorination
systemwas installed at this |location and three ground water
monitoring wells were installed as shown in Figure G4 to
satisfy state regulatory requirenents.

C. 12 Land Requirenents

The final land area requirenent was determned after all the
conmponents of the OF system had been sized and | ocated on the
site plan. A 15 m (50 ft) buffer zone around the application
site was recomended by the state agency since residential
devel opnents are close to the site. The buffer zone wll
remai n wooded and will require 2.3 ha (5.7 acres) of |and.
Al of the land requirements of the system are listed in
Table G 4. Although the total land requirenent is 29.3 ha
(72.3 acres), the entire 35 ha (85 acre) site was purchased
since the owner refused to sell only a portion of the
property.
TABLE C-4
LAND REQUI REMENTS

Area

Iten ha acres

Field area with collection channels 15.8 39.0

Storage pond 5.4 13.3
Buffer zone 2.3 5.7
Miscellaneous

Roads, collection waterways,

monitoring station 1.1 2.7
Surplus land® 4.7 11.6

Total 29.3 72.3

a. Surplus land is that land which does not fit
economically into the grading plan.
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C. 13 Cover Crop Sel ection

Based on experiences with varieties of grasses at other OF
systens, it was decided to use the mxture given in Section
6.7 which includes Reed canarygrass, tall fescue, redtop

dal lisgrass, and ryegrass. The local agricultural agent
concurred and al so suggested orchardgrass be added to the m x
since this grass flourished in the area.

C. 14 System Costs

Total costs for the OF systemfor Comrunity C are presented
in Table C5. Capital costs were estimated using the EPA
technical report on Cost of Land Treatnent Systens [1]. Costs
were updated to Septenber 1980 using the EPA Sewage Treat nent
Pl ant Construction Cost Index value of 362 and the EPA Sewer
Construction Cost Index of 387. Contractor*s overhead and
profit are included in the cost estimates. The |and was
assuned to cost $4,900/ha (%$2,000/acre). Operation and
mai nt enance costs were estimted using the cost curves and
current |local prices for power and | abor. Present worth was
determ ned using an interest rate of 7-1/8% for 20 years.

TABLE C-5
COST OF COMMUNI TY C OF SYSTEM
Thousands of Dol lars, Septenber 1980

Capital costs
Preapplication treatment 42

Pumping 271
Force main 29
Piping to and from storage 20
Storage pond 316
Site clearing 70
Slope construction 60
Runoff collection 14
Distribution (sprinklers, laterals, controls) 72
Agriculture (preparation and seeding) 20
Service roads 24
Chlorination and flow monitoring 56
Monitoring wells 5
Contingencies (30%) 300
Land 172

Total capital costs 1,471

Operation and maintenance costs

Annual labor 27
Annual materials 7
Annual power _8

Total operation and maintenance costs 42

Total project costs

Total capital costs 1,471
Present worth of operation and maintenance 441

Total present worth of costs 1,912
Present worth of salvage value of land (78)

Net present worth 1,834

C 14



C. 15 Energy Budget

Punmpi ng, crop production, and chlorination require quanti -
fiable primary energy. For punping raw wastewater, stored
wast ewat er, and accumul ated precipitation at a head of 72.5
m (238 ft), 222,000 kWh/yr is required. Crop harvest wll
require 20,000 kWi/yr and disinfection, if wused, wll
required 5,000 kWh/yr. The total primary energy budget is
247,000 kWh/yr. If a gravity distribution system had been
possi bl e, the punping requirenents woul d have been reduced to
about 58,000 kWh/yr due to the | ower punping head requirenent
of approximately 20 m (66 ft).

C.16 Alternative Design Methods —Desi gn Exanpl e

The data used to design the OF systemin the previous exanpl e
wll be used with the alternative CRREL and UCD design
met hods. These two nethods determne the land area and
| oading requirenments for a system and thus would not alter
the other parts of the design procedure just used. These
met hods represent a rational OF design procedure, but have
been used to a limted extent for design as of Septenber
1981.

C.16.1 CRREL Met hod
G ven:

Daily flowate = 1,890 n¥/d

I nfl uent BOD = 200 ng/L

Ef fl uent BOD = 20 ng/L

Storage requi renment =44 days

Vol ume of precipitation in storage = 18, 600 n¥/yr
Runoff fraction, r = 60%

Constants for the design equation are (see Section 6.11.1):

A
K

0.52
0.03 mnt

The necessary cal cul ati ons are:
1. Cal cul ate detention tine on the sl ope:

(1.0)(200) - 0.6(20)
(1.0)(200)

x 100 = 943

% BOD removal =

C 15



Usi ng Equation 6-8 (Section 6.11.1.2)
E

(I - A%)100
94

(1 - 0.52e %) 100

t 72 mn

Cal cul ate average overland flowate. The site
investigation revealed the site had a gentle sl ope
of 4 to 6% For design purposes, the natural slope
of 5% w Il be used and a section size of 40 mlong
and 30 mwide (131 by 98 ft) wll be used, based
on site characteristics. The average overland
flowate is calculated using Equation 6-9 from
Section 6.11.1. 2.

(0.078S)/ (G'3t)
[0.078(40 m)]/[(0.05)¥3(72)]
0.12 n/ mh

q

Cal cul ate application rate. Using Equation 6-10
from Section 6.11.1.2, the application is
cal cul at ed.

Q=qwr

[(0.12 m¥mh)(30 m]/[(1 + 0.6)/2]

4.5 n¥/ h per section

Cal cul ate annual I|oading rate. An application
period of 8 h/d and an application frequency of 7
d/wk will be used in this exanple. Since the
storage requirenent is 44 days and the application
frequency is 7 d/wk, the nunber of days of
application is 321 d/yr. The annual |oading rate
per section is therefore:

Annual | oadi ng = (321 d/yr)(8 h/d)
X (4.5 n¥/ h per section)
Rate per section = 11,556 n¥/yr

Cal cul ate total annual water volunme. Gven a daily
flowate of 1,890 mand a volune of precipitation
that ends up in the storage as 18,600 n¥/yr, the
total annual water volune is 708,450 n¥ /yr.
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6. Calculate land area requirenents. The nunber of
sections required is:

No. sections = (708,450 n¥/yr)
+ (11,556 n?/yr per section)
= 62 sections

The total area requirenent is

Area = [(62 sections)(30 mx 40 nml section)

10, 000 nt/ ha

7.4 ha (18.3 acres)

For conparison to the previous exanple, the weekly
hydraul i c | oading rate can be cal cul ated as:

4.5 m/h x 8 h/d x 7 d/wk = 252 n¥/ wk
252 n¥/wk x (1/1,200)(section/nt

100 cm m
21 cm wk

I X

C.16.2 University of California, Davis, Method
G ven:

Daily flowate = 1,890 n¥/d

I nfl uent BOD = 200 ng/L

Ef fl uent BOD = 20 nyg/L

Storage requi rement = 44 days

Vol ume of precipitation in storage = 18, 600 n¥/ yr

Constants for the design equation are (see Section 6.11.2):

A=0.72
n =0.5
K = 0.01975 mh

The necessary design cal cul ations are:
1. Compute the required renmoval ratio CJ/ G
G/ G, = 20/200 = 0. 10
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The length of slope is not restricted by
t opogr aphy, so select a value for the application
rate (q) in the valid range of the nodel (see
Section 6.11.2)

Select g = 0.16 nm/ mh

Compute the required value of slope length (S
usi ng Equation 6-11 from Section 6.11. 2.

L L(-ks) /(g™
CS/CO = Ae

) 1 = O 726—0.049388

S =40 m
Sel ect an application period (P)
P =28 h/d
Conpute the average daily flow to the OF system
using 44 days of storage, a 7 d/wk application
frequency, and 18,600 m¥/yr additional water in
storage fromprecipitation
Q=1[(365 d) (1,890 n¥/d)

18, 600 n?)]/ (365 - 44)

+

2,207 n¥/d

Conpute the required wetted area using Equation 6-
5 from Section 6.11. 2.

Area = S/ gP
[ (2,207 n?/d)(40)]/[(0.16 m¥/ m h)

x

(8 h) (10, 000 n?/ ha)]

6.9 ha (17.0 acres)

For conparison to the other exanples, the weekly
hydraul i c | oading rate can be cal cul ated as:

(2,207 n¥/d) (7 d/wk) = 15,449 n¥/ wk
(15, 449 ¥/ wk) (/68,500 nf) (100 cm ) = 22.6 cnf wk
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C 16.3 Conmpari son of Methods

Al t hough the CRREL and UCD equations appear different, the
basi ¢ approach and calculation nethod are quite simlar
Conbi ni ng and rearrangi ng Equations 6-8 and 6-9 from the
CRREL net hod produce:

_ -0.002345S 1/3
Mo/M_ = 0.52e /(677 7q) (6-13)

where M = mass of BOD at point S, kg
M = mass of BOD at top of slope, kg
S = slope length, m
g = average overland flowate, n¥/mh
G = sl ope grade, mm

This is quite simlar to the UCD Equation 6-11:
c_/c, = 0.72¢(=0.019758) /(q%")

All ternms as defined previously.

The major difference in these two rational approaches are the
use of slope as a variable in the CRREL equation and the
val ue of the coefficients and exponents. Conparison of the
results fromall three nethods are tabul ated bel ow

Land Sl ope Hydraul i c
Met hod area, ha length, m | oadi ng. cm wk
Tradi ti onal 15. 8 60 10
CRREL 7.4 40 21
ucb 6.9 40 22.6

The major difference between the three nethods is the slope
l ength required. The hydraulic | oadings are simlar since the
traditional nmethod would permt at |east 15 cm wk during the
war m nont hs. The CRREL and UCD net hods are based on assuned
gravity distribution, so a shorter slope can be used since
there is no need to provide space above the application point
for full circle sprinkler inpact. If gravity application had
been used in the traditional design, the gated pipe could
have been placed at the sprinkler nozzle |ocation shown in
Figure G2. This would result in a 40 m (130 ft) slope length
which is identical to that determned by the rational
met hods.
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